Abstract: Results of research on the chaetotaxy and morphology of setae in Nenteria pandioni (Acari: Uropodina) from Poland are presented. Certain idiosomal setae were found to be variable in structure. This variability may result from differences within the gene pool and/or from intra-specific variation associated with the process of aging. A full range of setal morphology was observed -from simple and needle-like setae to those with many notches and branches. Variability was observed only among adult mites (both sexes), not in juvenile stages. Marginal, ventral and adanal setae were most variable. Incomplete or superficial examination of setal morphology, without considering setal variability, may cause mistakes in taxonomic research and may also limit the value of this feature as diagnostic character in acarology. Therefore, variability of setae should be carefully accounted for during description of new species, because some setae are not stable in their shapes, whereas others have fixed shape. Finally, hypotheses to explain the observed pattern in setal variability in mites are proposed.
Introduction
Scales, bristles and hairs are among the structures that are of the taxonomic value in arthropods. Together with the size of individuals, sculpture of the idiosoma, size of the genital shields and structure of the mouthparts, chaetotaxy is among the most important criteria that enable taxonomists to distinguish mite species. The suborder Uropodina shows a great variety of shapes and numbers of setae on the idiosoma, gnathosoma and legs (Evans 1957; Evans & Till 1979; Krantz 1978; B loszyk & Leoniak 1986 B loszyk & Leoniak , 1995 B loszyk 1999; B loszyk et al. 2005; Dylewska et al. 2006 . Some of the species show polytrichy, i.e., the body, especially the dorsal idiosoma is covered with numerous setae whose number varies among individuals. Other species possess setae that are less numerous and more regularly organized ("cosmotrichy"), but their shape and number also varies.
Previous papers pointed to some limitations of chaetotaxy as a diagnostic method in acarology (B loszyk & Leoniak 1986 (B loszyk & Leoniak , 1995 B loszyk et al. 2004) . The number and shape of setae on legs of some Uropodina species was analyzed and it was found that these features vary among individuals belonging to the same population. The variable shape of sternal setae of males of Acroseius womersleyi B loszyk, Halliday et Dylewska, 2005 was also reported (B loszyk et al. 2005) .
However, the majority of acarologists who deal with Uropodina do not draw special attention to the variability in chaetotaxy and often treat differences in the described type-specimens as a reason to describe a new taxon. In addition, the morphology of setae seems to be considered an important stable source of diagnostic features.
We analyzed in detail the chaetotaxy and setal morphology in Nenteria pandioni Wiśniewski et Hirschmann, 1985 and observed considerable variability. The species is known only from Poland and Slovakia, where it inhabits nests of large birds of prey (Wiśniewski & Hirschmann 1985 , 1990 , 1993 Wiśniewski 1997; Mašán 2001; Gwiazdowicz et al. 2005) . In this paper we describe the observed variability and discuss its nature, as well as some possible implications of this variation. To present the range of variability of features that are regarded as diagnostic, scanning micrographs of setae were made. For scanning electron microscopy (SEM) (Phillips 515 SEM and Zeiss Evo 40), mites were prepared as described in B loszyk et al. (2004) . Length of setae was measured using SEM digital pictures and a Lupa 1.1 computer program (Desmodus Jarocin, Poland). All adanal and postanal setae and at least three marginal and submarginal setae were measured in each specimen. Thanks to the fully motorized, tiltable and rotating stage, the mites could be photographed horizontally, as well as in positions in which the setae were oriented horizontally or vertically, to make the measurements as accurate as possible.
Material and methods

Specimens of
The following setae were examined: dorsal surface setae -marginal setae (Ms), submarginal setae (Sms), two types of dorsal setae, serrated (dA) and simple (dB) (Fig. 1) ; ventral setae -sternal setae in the intercoxal region (St1 -St5); setae on the podosoma (Fig. 2) - v1, v2, v3, v4, v5 ; adgenital setae -Ad1, Ad2 and the unpaired postanal seta Pa. The frequency of the different types of adanal and postanal setae were calculated. Results were analyzed by a chi-square test. Statistically significant differences are at P < 0.01.
The following types of setae were distinguished ( Fig. 3 ): 1 -Simple, needle-like setae with no notches, hooks or other projections (simple setae); 2 -Sharp setae with one notch (one-notched setae); 3 -Trident-like setae with three notches (three-notched setae); 4 -Setae with more than three notches (serrated setae). 
Results
Chaetotaxy of Nenteria pandioni
Adults. Dorsal idiosoma ( Fig. 1A ): 38-45 marginal setae (Ms) are 11-25 µm long and they are slightly notched in their apical part (Fig. 1B) . The last pair of marginal setae is significantly longer than the others (27-28 µm). Further 16-21 submarginal setae (Sms) are placed on a narrow marginal shield and are shorter than the marginal setae (8-16 µm). Dorsal setae (Fig. 1C ) are of two types: the majority (>60%) have notches in the apical part, and their length varies (8-26 µm); the other setae (<30%) are fine and resemble needles (i.e., are simple setae) (12-20 µm long). Individuals also differ in the numbers of marginal, submarginal and dorsal setae.
Females. Ventral idiosoma: Five pairs of sternal setae (st1-st5) are located at the sides of the epigynium; they vary in length and are all simple in every individual examined. The first (st1-st1') and last (st5-st5') pairs which are located above the anterior part of the epigynium and near the posterior end of the epigynium, respectively, are the shortest. There are five pairs of ventral setae (v1-v5), two pairs of adanal setae (Ad1-Ad2) and a single postanal seta (Pa) on the opisthosoma (Fig. 2) . Deutonymphs. Dorsal idiosoma (Fig. 4) : Dorsal chaetotaxy is not variable. About 40-46 simple dorsal setae (12-17 µm long) are inserted on the dorsal shield. The 24-30 submarginal setae (Sms) are also 11-25 µm long, needle-like, and not variable (Fig. 4C ). Ventral surface: Five pairs of sternal setae are placed in two rows on the sternal shield in every mite examined. They are always needle-like and of uniform length (15-17 µm). Five pairs of setae of the same shape are found on the ventri-anal shield (v1-v5) (Fig. 4B) , as well as two pairs of needle-like adanal setae (Ad1-Ad2). The postanal (Pa) seta is not present (Fig. 4D) . Protonymphs. Dorsal and ventral surfaces of a protonymph are presented in Fig. 5 . No variability of setae was observed within this stage.
Morphology of setae in Nenteria pandioni
The observed variability of setal morphology in adults was quantitative in character and involved the shape of the setae (Table 1) . Setae within the anal region were most variable. All types of setae in various combinations can be observed -from needle-like to distinctly notched (Figs 6, 7). In the case of the most heavily notched setae it is not clear whether notches are due to fraying or if they represent natural variability in shape and ornamentation. Sometimes, due to natural variability or mechanical damage, the setae of one pair looked different from each other ( Figs 6B, 7F ). Although the sample was too small to be analysed statistically, it was estimated that various shapes of setae occurred in every tested population. Various types of setae were found in both males and females. Variability was observed within all four tested populations, with a more or less full range of shapes in each. However, no variation in shapes of any of the two (dorsal and ventral) surfaces of deutonymphs could be found. All setae were needle-like. The frequency of the different types of adanal and postanal setae was scored. All three types showed a full range of variation, with statistically significant differences (chi-squared test) in the occurrence of particular shapes, when compared to needle-like one. Most adanal setae (Ad1-Ad1' and Ad2-Ad2') were needlelike in shape. In contrast, the most frequent shape of Pa seta was that with more than three notches (Fig. 8) . The variability in dorsal chaetotaxy of adults also had a quantitative character -individuals differed in the numbers of marginal and dorsal setae. The numbers varied from 39 to 45 in marginal and from 76 to 83 in dorsal setae.
The notches on the setae examined were sometimes very small (compare Figs 3B, 6A , B). They were detectable only by SEM, because their sizes were below the resolution range of the light microscope.
Discussion
Differences in chaetotaxy (number and arrangement of setae) as well as in morphology of setae have often been used to define new mite taxa. However, earlier research of B loszyk and co-workers (B loszyk & Leoniak 1995; B loszyk et al. 2004) as well as our current observations revealed that number and morphology of setae are taxonomic features showing intra-specific variability. In the present paper we observed that not all setae were equally variable in shape or their presence. Descriptions of new species of Uropodina and other mites are often based on one or a few individuals. Hence, researchers are not able to describe the range of variability of a particular feature. When finding a morphologically similar specimen that differs in some aspects of setal morphology, one may decide to describe it as a new species. In many cases this may create synonyms of an existing species.
Progress in light microscopy and the development of electron microscopy provided potent tools to observe mites. However, it must be noted that many descriptions are 100 years old or even older and we must take into account that some features (e.g., fine notches) were not perceptible in those days. Moreover, SEM seems to be a necessary tool in describing species to current standards. Some of the observed features are as small that they cannot be seen under a light microscope. Obviously, some of the observed shapes of setae might have arisen due to damage, i.e., breaking, but this proves the role of SEM in describing species. With a light microscope, sometimes it is not possible to decide whether a seta is damaged or is of a certain shape.
It is questionable, why deutonymphs do not show variability of ventral setae, whereas adults do. Here, 
Explanations: v1'-v5' -ventral setae; Ad1 and Ad2 -adanal setae; Pa -a single postanal seta. Shaded lines indicate setae, their frequency is presented in Fig. 8 . The number of females (F) and males (M) expressing particular phenotype are added in brackets.
we propose some hypotheses. None of them have been tested, but there are some supporting data. First, the phenomenon of aging might cause mechanical damage and change of the shape of observed setae during the lifespan of a certain individual. Setae may just become frayed with age, like mammalian hair. There are some data supporting this hypothesis: 1. All deutonymphs (immature mites) have setae without notches. Since the average duration of stages is shorter for deutonymphs than for adults (Radinovsky 1965a, b; Compton & Krantz 1978) , the setae may not have had time to fray.
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Figs 6A-G. Variation in setal morphology in N. pandioni adults -ventral region. For abbreviations see Fig. 2. 2. Various types of setae were observed within the four examined populations, independently of the sex of the mites. Unfortunately, the relatively low number of individuals within samples precludes statistical analysis of single populations. However, the presented data strongly suggest that variability of setae is a common phenomenon among N. pandioni.
3. Some setae have very fine notches, as if a process of fraying was just starting.
4. Various forms of setae in a pair (from needlelike to those with many notches) exist within the same individual. Assuming that these two setae with different appearance are controlled by the same genes, they must be worn to a different extent. 5. Some environmental factors, like higher oxygen pressure, can regulate the appearance of scales within moths (Zhou et al. 2004 ).
6. Ad setae in adults show a frequency bias toward the shape similar to that possessed by deutonymphs.
If the pyramid of age shows a classical form for the developing population, the number of individuals will decrease with age. Consequently, the frequency of setae would be decreasing with the more elaborate shape, being the most extreme in the Pa setae which are the most exposed to damaging by mechanical factors. Hence, these fray most easily and early in the development of the adult.
Unfortunately, it appears very difficult to establish a laboratory colony of uropodid mites derived from white -eagle nests. Climate, activity of a bird, its food etc. can significantly affect the mite colony and the microhabitat in the nest. In addition, in a laboratory setting, there is not likely to be such wear on the bristles as in the wild. Moreover, laboratory observations would demand sterilization of the nest, and this would change (fix) the chemical structure of organic material found in the nest and presumably affect the mite population significantly. However, the authors are planning to try to establish such a colony and continue the observations in laboratory controlled conditions, which may influence the process of setae destruction. This can bring more data and help to prove or reject the abovementioned hypotheses.
On the other hand, the observed variability may have a developmental or genetic basis. Within Lepidoptera, even a small change in timing of secretion of cuticle or slight changes in stress at a particular developmental stage may cause a great difference in the phenotype of a scale or bristle (Ghiradella 1974) . The genetic mechanisms underlying bristle diversity are not fully understood. Weatherbee et al. (1999) showed that scale patterning within Lepidoptera is regulated by diversification of hindwings and involves the acquisition of different sets of genes (Hox-regulated target genes, the Ubx gene) as well as by at least two transcription factors (Monteiro et al. 2006) . Therefore, setae which can be homologous to butterfly scales, may also have their morphology regulated by several genes -the continuous variability within examined populations seems to support this hypothesis. On the other hand, studies on Drosophila have shown that allelic differences in single genes may result in the alteration or even loss of specific bristles (reviewed in Held 2002) .
Some setae (e.g., adgenital setae st1-st5) are really stable in their shape. They may be of high importance for mites and therefore may have been fixed by evolution. Moreover, their location and small size may protect them from mechanical damage, and variant shapes appear rather rarely.
Therefore, without any greater knowledge of the genetic basis of chaetotaxy and setal morphology, we cannot confirm or reject these hypotheses. However, our observations indicate the complexity of the process of setae formation as well as the limitations of setal morphology and other similar phenotypic observations as methods used to describe species. When some setae show full range of shapes, the other ones have a stable, fixed shape. Also juvenile stages do not show variability. We hypothesize three potential sources of variability: aging, development, and genetic variation, which can all affect the structure of setae. None of these exclude the others. Therefore, future experiments, using methods of molecular genetics as well as electron microscopy, should help to answer the question concerning the nature of the reported variability.
